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Abstract 

Results  of  measurements  of  critical  conditions  for  extinction  and  of  temperature  profiles  in  counterflow 
diffusion  flames  are  reported.  The  fuel  was  a  hydrogen-nitrogen  mixture  with  14  mole  percent  hydrogen, 
and  the  oxidizer  was  air.  Pressures  ranged  from  0.1  MPa  to  1.5  MPa;  measurements  were  made  in  a  facility 
especially  constructed  for  carrying  out  counterflow  combustion  experiments  at  high  pressures.  With 
increasing  pressure,  the  strain  rate  at  extinction  first  increases  and  then  decreases,  in  qualitative  agreement 
with  predictions,  but  there  are  observable  quantitative  differences.  Temperature  profiles,  obtained  employ¬ 
ing  an  R-type  thermocouple  at  a  fixed  strain  rate  of  100/s,  agree  well  with  predictions,  within  experimental 
uncertainty.  The  results  may  help  to  improve  knowledge  of  underlying  chemical-kinetic  and  transport 
parameters  at  elevated  pressures. 

©  2012  The  Combustion  Institute.  Published  by  Elsevier  Inc.  All  rights  reserved. 
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1.  Introduction 

Hydrogen  combustion  is  of  interest,  not  only 
because  burning  it  directly  in  engines  is  one  attrac¬ 
tive  way  to  make  use  of  hydrogen  as  an  energy  car¬ 
rier,  but  also  because  of  safety  issues  associated  with 
the  relative  ease  with  which  it  can  be  ignited.  More¬ 
over,  the  oxidation  chemistry  of  hydrogen  is  essen¬ 
tial  to  the  combustion  chemistry  of  all  practical 
fuels,  from  hydrocarbons  through  alcohols  to  car¬ 
bon  monoxide,  and  possibly  more  so  in  applications 
involving  hydrogen  addition.  For  these  reasons,  the 
associated  chemical  kinetics  and  transport  proper¬ 
ties  have  been  studied  extensively  for  hydrogen. 
Many  different  sources  of  chemical-kinetic  and 
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transport  parameters  for  hydrogen  combustion  are 
now  available.  Experimental  tests  of  predictions 
derived  from  these  different  sets  of  parameters  for 
various  kinds  of  combustion  processes  are  impor¬ 
tant  for  distinguishing  between  the  different  predic¬ 
tions  and  for  establishing  ranges  of  uncertainty, 
thereby  possibly  ultimately  leading  to  improved  val¬ 
ues  of  parameters.  New  experimental  results  are 
reported  here  that  can  be  used  to  test  predictions 
of  hydrogen  combustion. 

In  significant  respects,  autoignition  and  flames 
constitute  two  different  types  of  combustion  pro¬ 
cesses  for  testing  predictions.  Ignition  experiments, 
as  in  shock  tubes,  strive  for  homogeneous  mixtures, 
so  that  transport  properties  are  irrelevant,  and  rad¬ 
icals  are  not  present  initially,  so  that  radical  gener¬ 
ation  chemistry  strongly  affect  the  results.  This 
applies  also  for  detonations,  as  well  as  for  initiation 
processes  such  as  those  in  HCCI  engines.  Flames, 
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on  the  other  hand,  are  strongly  influenced  by 
molecular  transport  processes,  but,  since  radicals 
are  already  present  in  the  hot  reaction  zones  of 
flames,  radical  production  is  less  important,  lead¬ 
ing  to  differences  in  the  dominant  chemical-kinetic 
steps.  In  this  context,  flames  include  premixed,  par¬ 
tially  premixed  and  diffusion  flames.  The  present 
study  concerns  diffusion  flames,  specifically  in  a 
counterflow  configuration,  but  the  results  may  be 
expected  to  have  a  bearing  on  other  combustion 
processes  in  this  second  category. 

At  least  20  shock-tube  studies  of  hydrogen-oxy¬ 
gen  ignition  processes  have  been  reported,  extending 
back  more  than  50  years  [1],  These  studies  have 
spanned  a  wide  range  of  experimental  conditions, 
with  pressures  ranging  from  less  than  0.02  atm  [2] 
to  more  than  80  atm  [3],  In  contrast,  the  range  of 
conditions  of  existing  experiments  with  flames  is 
much  narrower.  Most  of  the  counterflow  diffusion- 
flame  experiments,  for  example,  have  been  per¬ 
formed  at  1  atm,  although  some  measurements  have 
been  made  down  to  0.5  atm  [4].  No  such  measure¬ 
ments  have  been  reported  for  pressures  above 
1  atm,  although  hydrogen  combustion  at  elevated 
pressures  is  of  considerable  interest,  for  example  in 
connection  with  engine  application.  In  the  present 
work,  a  newly  developed  high-pressure  counterflow 
combustion  facility  is  employed  to  investigate 
hydrogen  flame  structures  and  extinction  conditions 
at  pressures  from  1  atm  to  15  atm.  The  experimental 
results  are  compared  with  predictions  of  different 
chemical-kinetic  mechanisms,  to  help  to  assess  the 
uncertainties  that  may  arise  at  elevated  pressures. 


2.  Experimental  conditions 


Figure  1  is  a  schematic  illustration  of  the  coun¬ 
terflow  configuration.  Fuel  mixed  with  nitrogen  is 
injected  from  the  fuel  duct,  and  air  is  injected 
from  the  oxidizer  duct.  The  reactant  streams  flow 
toward  a  stagnation  plane.  The  momentum  of  the 
two  streams  is  approximately  balanced  to  main¬ 
tain  the  stagnation  plane  at  the  center  of  the  two 
boundaries.  The  mole  fraction  of  fuel,  tempera¬ 
ture,  and  component  of  the  flow  velocity  normal 
to  the  stagnation  plane  at  the  fuel  boundary  are 
denoted  by  XF  l,  7j,  and  V\,  respectively.  The 
mole  fraction  of  oxygen,  temperature,  and  com¬ 
ponent  of  the  flow  velocity  normal  to  the  stagna¬ 
tion  plane  at  the  oxidizer  boundary  are  denoted 
by  X0j2,  T2,  and  V2,  respectively.  The  distance 
between  the  fuel  boundary  and  the  oxidizer 
boundary  is  denoted  by  L.  Experiments  were  con¬ 
ducted  with  XF,i  =  0.14,Xo2,2  =  0.21  and 
T\  =  T2  =  298  K,  resulting  in  a  stoichiometric 
mixture  fraction  of  Zst  =  0.717,  given  by 


Z„,  = 


vFf 


'  o2,2. 


(1) 


Fig.  1.  Schematic  illustration  of  the  counterflow  flow 
field. 


with  Ff1  and  7o2,2  as  the  corresponding  fuel  and 
oxygen  mass  fractions  and  v  the  stoichiometric 
air-to-fuel  mass  ratio. 

The  experiment  is  designed  to  conform  with 
self-similar  axisymmteric  channel  flow  with  plug- 
flow  boundary  conditions  [5],  In  this  flow,  the  value 
of  the  strain  rate,  defined  as  the  normal  gradient  of 
the  normal  component  of  the  flow  velocity,  changes 
from  the  fuel  boundary  to  the  oxidizer  boundary. 
In  the  absence  of  the  boundary-layer  displacement 
effect  of  the  flame,  the  characteristic  local  strain 
rate  on  the  fuel  side  of  the  stagnation  plane,  a\, 
would  be  given  by  [5] 


a  l 


2\Vt\ (  \ViWth\ 
L  \  WVxWpI) 


(2) 


Here  p\  and  p2  represent  the  densities  of  the  mix¬ 
ture  at  the  fuel  boundary  and  at  the  oxidizer  bound¬ 
ary,  respectively.  Eq.  (2)  is  obtained  from  an 
asymptotic  analysis  in  which  the  Reynolds  num¬ 
bers  of  the  laminar  flow  at  the  boundaries  are  pre¬ 
sumed  to  be  large  [5],  In  the  present  experiments, 
these  Reynolds  numbers  ranged  from  200  to 
2800.  This  equation,  or,  alternatively,  the  corre¬ 
sponding  equation  for  the  oxidizer-side  strain  rate, 
involves  only  known,  experimentally  adjustable 
quantities  and  therefore  provides  a  convenient  ba¬ 
sis  for  comparison  of  experimental  and  computa¬ 
tional  results,  irrespective  of  the  strength  of  the 
boundary-layer  effects,  which  are  appreciable.  A 
momentum  balance  gives  p\V\  =  p2V\,  whence 
(2)  becomes  a\  =  AVyjL. 

The  inner  diameter  of  the  fuel  and  oxidizer  ducts 
of  the  counterflow  burner  is  20  mm,  and  the  separa¬ 
tion  distance  between  the  ducts  L  =  10  mm. 
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Gaseous  fuel  mixed  with  nitrogen  is  injected  from 
the  bottom  duct  and  air  form  the  top.  Fine  wire 
screens  are  placed  at  the  duct  exits  to  make  the  tan¬ 
gential  component  of  the  flow  velocity  negligibly 
small  there,  consistent  with  the  analysis.  The  ducts 
are  surrounded  by  annular  ducts  that  provide  a 
nitrogen  curtain  to  minimize  the  influence  of  ambi¬ 
ent  air  on  the  reaction  zone.  The  accuracies  of  the 
measured  values  of  the  volumetric  flow  rates  are 
expected  to  be  better  than  ±1%.  The  velocities  of 
the  reactants  at  the  duct  exits,  Pj  and  V2,  are  calcu¬ 
lated  as  the  ratio  of  the  measured  volumetric  flow 
rates  of  the  reactants  and  the  cross-sectional  area 
of  the  ducts. 

The  thermocouple  employed  for  temperature 
measurements  is  a  R-type  thermocouple  with  a 
wire  diameter  of  75  pm  and  a  bead  size  of 
150  pm.  A  hafnia  coating  was  applied  to  the  ther¬ 
mocouple  to  prevent  catalytic  surface  reactions. 
Measured  temperatures  were  corrected  taking  into 
consideration  the  radiative  heat  losses  from  the 
thermocouple  surface. 


3.  Temperature  profiles 

Figure  2  compares  measured  and  predicted 
temperature  profiles  at  four  different  elevated  pres¬ 
sures.  The  computations  employed  the  San  Diego 
mechanism  along  with  the  associated  thermody¬ 
namic  and  transport  data  that  can  be  downloaded 
from  the  web  [6].  They  were  performed  using  the 
computer  program  OpenSMOKE,  developed  in 
Milan  [7,8],  The  code  employs  mixture-averaged 
diffusion  coefficients  for  various  species  and 


Fig.  2.  Profiles  of  temperature  as  a  function  of  distance 
from  the  fuel  boundary  at  pressures,  p,  of  0.2,  0.4,  0.6 
and  0.8  MPa.  The  strain  rate  is  a\  =  100  1/s,  and  the 
stoichiometric  mixture  fraction  is  Zst  =  0.717  The  figure 
shows  temperature  profiles  corrected  for  radiative  heat 
losses.  The  symbols  represent  experimental  data,  and  the 
solid  curves  represent  predictions  obtained  using  the  San 
Diego  mechanism. 


includes  radiative  heat  loss  and  thermal  (Soret) 
diffusion.  The  Soret  effect  is  especially  important 
for  calculations  involving  atomic  and  molecular 
hydrogen  in  highly  diluted  hydrogen  flames.  This 
effect  enhances  the  diffusion  of  H  and  H2  into  the 
reaction  zone,  thus  impacting  predicted  flame 
structures  and  extinction  limits  significantly.  Dis¬ 
cretization  of  differential  equations  is  carried  out 
using  conventional  finite-differencing  techniques 
for  non-uniform  mesh  spacing.  Increasing  pressure 
reduces  the  thickness  of  the  thermal  mixing  layer 
of  a  strained  diffusion  flame.  To  account  for  the 
resulting  strong  gradients  within  the  computa¬ 
tional  domain,  dynamical  adaptive  meshing  tech¬ 
niques  are  used.  Standard  calculations  employ 
300  grid  points.  Details  of  the  computational  pro¬ 
cedure  used  to  obtain  the  critical  conditions  of 
extinction  have  been  described  previously  [9], 
Figure  2  exhibits  good  general  agreement 
between  the  measurements  and  predictions.  As  is 
expected  from  the  value  of  the  stoichiometric  mix¬ 
ture  fraction  being  greater  than  0.5,  the  peak  tem¬ 
perature  occurs  on  the  fuel  side  of  the  mid  point 
between  the  two  duct  exits,  at  a  distance  less  than 
5  mm  from  the  fuel  boundary.  The  predictions  and 
measurements  are  in  excellent  agreement  in 
regions  where  the  temperature  profiles  are  nearly 
linear,  n  such  regions,  the  finite  size  of  the  thermo¬ 
couple  has  relatively  little  effect  on  the  measure¬ 
ments  because  contributions  from  higher  and 
lower  temperatures  tend  to  cancel.  In  regions  of 
high  curvature,  however,  those  cancellations  do 
not  occur,  and  the  experimental  temperature  pro¬ 
file  tends  to  be  smoothed.  This  effect  can  be  seen 
near  the  peak  temperature  and  on  each  side  near 
the  boundary  temperature  in  the  figure.  It  is  thus 
concluded  that,  within  the  accuracy  with  which 
these  temperature  measurements  can  be  made, 
experiment  and  computation  are  in  agreement. 
This  conclusion  is  further  emphasized  in  Fig.  3, 
which  illustrated  the  wire  and  bead  sizes  and  shows 
a  comparison  of  flames  at  0.4  MPa,  one  for 
a i  =  100  1/s  and  one  for  ci\  =  360  1/s,  just  below 
the  value  at  extinction.  The  departures  from  pre¬ 
dictions  near  the  fuel  boundary  are  clearly  seen 
here  to  exceed  those  near  the  oxidizer  boundary, 
the  higher  thermal  conductivity  of  the  gas  there 
effectively  enlarging  the  region  of  influence  of  the 
finite  size  of  the  thermocouple  by  enhancing 
heat-flow  contributions  farther  from  the  center  of 
the  bead.  This  figure  also  demonstrates  how 
increasing  the  strain  rate  decreases  the  peak  tem¬ 
perature,  thins  the  profile,  and  moves  its  location 
closer  to  the  stagnation  plane,  as  expected. 

In  Figure  4  the  maximum  temperature  of  the 
reaction  zone  just  before  extinction  is  shown  for 
a  pressure  range  from  0.2  to  0.8  MPa.  These  mea¬ 
surements  were  made  at  a  strain  rate  equal  to  90% 
of  the  experimental  strain  rate  at  extinction.  Exper¬ 
imental  measurements  (symbols)  indicate  an 
increase  in  peak  temperature  with  an  increase  in 
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Fig.  3.  Profiles  of  temperature  as  a  function  of  distance 
from  the  fuel  boundary  at  a  pressure,  p,  of  0.4  MPa,  for 
strain  rates  a,  =  100  1/s  and  =  360  1/s.  The  figure 
shows  temperature  profiles  corrected  for  radiative  heat 
losses.  The  symbols  represent  experimental  data,  and  the 
solid  curves  represent  predictions  obtained  using  the  San 
Diego  mechanism. 


Fig.  4.  The  maximum  temperature  just  before  extinc¬ 
tion.  The  symbols  represent  experimental  data  and  the 
solid  curve  represents  predictions  obtained  using  the  San 
Diego  mechanism. 

pressure,  as  well  as  a  flattening  trend  that  is  also 
predicted  by  the  numerical  computations.  The 
quantitative  agreement  between  experimental  mea¬ 
surements  and  numerically  derived  values  is  excel¬ 
lent  up  to  a  pressure  of  0.4  MPa.  Above  0.4  MPa 
the  calculations  predict  higher  flame  temperatures 
at  extinction  than  are  measured,  as  may  be 
expected  from  the  thinning  of  the  flame  with 
increasing  pressure,  leading  to  increasing  influ¬ 
ences  of  the  curvature  of  the  temperature  profile 
on  the  measurement,  which  will  decrease  the 
recorded  temperature,  as  may  be  inferred  from 
Fig.  3.  All  of  the  observed  differences  between  the 
measurement  and  the  prediction  can  thus  be 
attributed  to  measurement  difficulties  with  thermo¬ 
couples.  Because  of  the  significant  influence  of 


transport  properties  on  temperature  profiles,  these 
results  thus  support  the  validity  of  the  transport 
properties  employed,  within  experimental  error. 
Although  temperature  profiles  are  considerably 
less  sensitive  to  detailed  chemical-kinetic  descrip¬ 
tions  than  are  profiles  of  concentrations  of  chemi¬ 
cal  species,  these  results  also  suggest  that  there  are 
no  gross  errors  in  the  chemistry  at  these  elevated 
pressures. 


4.  Extinction  conditions 

In  comparison  with  temperature  profiles,  diffu¬ 
sion-flame  extinction  conditions  are  much  more 
sensitive  to  the  chemical-kinetic  descriptions.  The 
general  character  of  the  pressure  dependence  of 
the  counterflow  diffusion-flame  strain  rate  at 
extinction  is  known  from  earlier  work.  For  exam¬ 
ple,  as  illustrated  in  Fig.  5,  as  the  pressure 
increases,  the  extinction  strain  rate  at  first 
increases,  reaches  a  maximum,  then  decreases, 
reaches  a  minimum,  then  begins  to  increase  again. 
The  reason  for  this  type  of  behavior  is  explained  by 
Sohn  and  Chung  [10].  The  present  experiments  do 
not  extend  to  high  enough  pressures  to  reach  the 
minimum  of  the  curve,  which  occurs  at  pressures 
so  high  that  they  are  mainly  of  interest  only  in 
rocket-propulsion  applications.  To  provide  a  gen¬ 
eral  indication  of  the  type  of  agreement  of  the  pres¬ 
ent  experimental  results  with  such  predictions,  the 
data  obtained  in  the  present  study  also  are  plotted 
in  this  figure.  While  both  results  pertain  to  the  oxi- 
dizer-side  strain  rate,  the  computation  employed 
potential-flow  boundary  conditions,  while  the  pre¬ 
ceding  plug-flow  formula  is  employed  for  the 
experiments.  Quantitative  comparisons  therefore 
should  not  be  expected.  It  can  be  observed  that 


Fig.  5.  The  strain  rate  at  extinction,  a2z e,  for  hydrogen- 
air  diffusion  flames  as  a  function  of  pressure,  p,  at 
Xp  i  =0.14  and  at  XFi  =0.12,  as  calculated  by  Song 
and  Chung  [10],  Also  shown  for  comparison  are  symbols 
representing  experimental  data  reproduced  from  Fig.  6. 
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Fig.  6.  The  strain  rate  at  extinction,  02.e,  for  hydrogen 
flames  as  a  function  of  pressure,  p ,  at  XF  l  =  0.14.  The 
symbols  represent  experimental  data,  the  solid  curve 
represents  predictions  obtained  using  the  San  Diego 
mechanism  [6],  and  the  dashed  curve  represents  predic¬ 
tions  obtained  from  the  GRI  mechanism  [11], 

both  results  exhibit  a  maximum  in  the  curve,  at 
roughly  the  same  value  of  pressure  for  the  same 
composition,  and  that  their  shapes  are  in  general 
agreement.  No  conclusion  beyond  that,  however, 
can  be  drawn  from  the  comparison. 

Figure  6  shows  the  measured  strain  rate  at 
extinction,  aiE  as  a  function  of  pressure,/),  at  fixed 
XF  i  =  0.14,  now  on  a  linear  rather  than  logarith¬ 
mic  pressure  scale.  The  solid  curve  represents  pre¬ 
dictions  obtained  using  the  San  Diego  mechanism 
[6]  and  the  dashed  curve  is  obtained  from  the  GRI 
mechanism  [11],  Predictions  of  this  last,  well- 
known  mechanism  are  shown  only  to  illustrate 
that  the  general  range  of  variation  of  predictions 
of  different  mechanisms  is  substantial  for  these 
extinction  strain  rates.  The  two  curves  shown 
approximately  represent  extremes;  predictions  of 
most  other  mechanisms  lie  between  them,  for  the 
most  part.  See  [12]  for  a  recent  re-evaluation  of 
the  hydrogen  combustion  chemistry. 

A  shaded  area  is  provided  around  the  experi¬ 
mental  data  to  indicate  the  range  of  experimental 
uncertainty.  The  area  is  much  wider  than  experi¬ 
mental  uncertainties  in  measurements  of  pressure 
or  of  flow  rates  employed  to  calculate  strain  rates. 
The  accuracy  of  the  measured  values  of  the  volu¬ 
metric  flow  rates,  for  example,  is  expected  to  be 
better  than  ±1%.  Instead,  extremes  in  the  compo¬ 
sitions  of  the  feed  streams,  subject  to  possible 
experimental  errors,  were  employed  in  the  San 
Diego  mechanism  to  calculate  limiting  strain-rate 
curves  bounding  the  San  Diego  prediction,  and 
those  bounds  were  then  lowered  to  bound  the 
experimental  data.  In  this  way  the  shaded  area 
provides  an  indication  of  the  range  of  predictions 
that  may  be  expected  for  any  mechanism,  subject 
to  uncertainties  in  feed-stream  compositions.  The 
area  narrows  as  the  pressure  increases  because  the 
uncertainties  in  the  feed-stream  compositions 


decrease.  The  boundaries  of  the  area  thus  where 
calculated  by  adding  the  numerically  derived  lim¬ 
its  to  the  averaged  experimental  data  points. 

It  is  worth  pointing  out  that,  for  the  conditions 
investigated  here,  the  hydrogen  flame  is  not  visi¬ 
ble,  but  the  shadow  established  from  its  density 
gradients  can  be  clearly  seen.  Extinction  was  con¬ 
sidered  to  take  place  when  this  shadow  suddenly 
disappeared.  Further  confirmation  of  extinction 
was  provided  by  the  observation  that  a  rapid 
decrease  in  the  exhaust-gas  temperature  followed 
immediately. 

The  figure  shows  excellent  agreement  between 
the  measurements  and  the  San  Diego  predictions 
from  normal  atmospheric  pressure  up  to 
0.25  MPa.,  well  within  the  experimental  uncer¬ 
tainty.  This  is  understandable  because  of  the  previ¬ 
ous  tests  of  the  mechanism  at  0.1  MPa.  At  higher 
pressures,  however,  the  predictions  begin  to  fall 
well  above  the  area  of  experimental  uncertainty. 
The  experimental  data  show  that  the  highest  value 
of  a1E  is  attained  around  0.3  MPa,  while  the 
mechanism  instead  predicts  the  maximum  around 
0.4  MPa.  And  differences  increase  beyond  that 
pressure.  The  more  recent  mechanism  of  [12]  pre¬ 
dicts  oxidizer  strain  rates  at  extinction  which  are 
lower  than  those  of  the  San  Diego  mechanism  by 
20-50  1/s,  with  a  maximum  at  a  slightly  higher 
pressure,  but  above  0.5  MPa  these  also  lie  above 
the  shaded  area. 

Sensitivity  analysis,  for  example,  shows  those 
elementary  reactions  that  give  the  highest  values 
for  the  sensitivity  coefficient  with  respect  to  T, 
given  by  the  maximum  value  of  dlrtT/d\nAk , 
(where  Ak  is  the  frequency  factor  of  reaction  k), 
as  expected,  are  those  of  the  chain-branching  reac¬ 
tion  H  +  02  ^  O  +  OH,  and  of  the  recombina¬ 
tion  step  H  +  02  +  M  =  H02  +  M.  The  lower 
prediction  of  the  mechanism  of  [12]  may  arise  from 
the  fact  that  their  rate  for  the  first  of  these  steps  is 
somewhat  lower  in  this  temperature  range.  It  was 
observed  that,  if  the  chaperon  efficiency  for  nitro¬ 
gen  for  the  latter  of  these  steps  is  doubled,  then  the 
predictions  of  the  San  Diego  mechanism  fall  right 
on  top  of  the  data,  at  all  pressures  tested.  Such  a 
change,  however,  significantly  degrades  agreement 
of  predictions  [1]  of  shock-tube  ignition  experi¬ 
ments  at  the  lower  temperatures.  Therefore,  at 
present,  revisions  to  the  mechanism  are  not  recom¬ 
mended.  Instead,  it  is  simply  cautioned  that  differ¬ 
ences  like  those  seen  in  the  figure  for  extinction 
predictions  should  be  anticipated  at  these  elevated 
pressures. 


5.  Concluding  remarks 

The  experimental  study  presented  here  verified 
that  pressure  has  a  significant  effect  on  the  extinc¬ 
tion  of  non-premixed  hydrogen  flames.  The  trend 
of  decreasing  extinction  strain  rates  with  increas- 
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ing  pressure  above  0.3  MPa  is  strongly  affected  by 
the  recombination  reaction  and  thus  by  third- 
body  efficiencies.  Further  study  of  the  associated 
rate  parameters  therefore  is  warranted,  especially, 
for  the  step  H  +  02  +  M  ^  H02  +  M. 

Even  though  past  theoretical  findings  and  pres¬ 
ent  chemical-kinetic  mechanisms  already  exhibit  a 
high  level  of  understanding  of  this  subject,  this  is 
the  first  experimental  evidence  that  confirms  the 
predicted  non-monotonic  pressure-dependent 
extinction  behavior  of  non-premixed  hydrogen 
flames.  For  the  range  of  pressures  investigated 
here,  it  has  been  found  that  the  maximum  flame 
temperature  at  extinction  increases  with  pressure, 
also  in  agreement  with  previous  predictions.  In 
addition,  as  expected,  it  was  confirmed  experimen¬ 
tally  that  the  flame  thickness  decreases  with 
increasing  pressure  and  that  flames  of  the  same 
composition  are  equally  positioned  independent 
of  pressure  and  move  towards  the  stagnation 
plane  with  increasing  strain  rate.  These  experi¬ 
mental  results  warrant  further  investigation  with 
revised  considerations  of  the  detailed  chemistry. 
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